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BMPKOVED PROCESS FOR MAKING DETERGENT 
COMPOSITIONS WITH ADDITIVES 

Tnrvj T> Off THE TNVENTION 
The present invention relates to processes for making non-aqueous liquid laundry detergent 
compositions which contain an anhydrous anionic sulfated or sulfonated surfactant, a non- 
aqueous liquid surfectant, a hydrotrope, and optionally, but preferably, other conventional 
detergent ingredients, as well as processes for drying (removing water from) detergent 
ingredients, especially surfactants for use in detergent compositions, especially the non-aqueous 
liquid laundry detergent compositions of the present invention. In addition to the above, the 
present invention also provides a means for drying such detergent ingredients without the need to 
reclaim the solvent used in the process. 

BACKGROUND OF TETR TNVENTION 
Liquid laundry detergent products offer a number of advantages over dry, powdered or 
particulate laundry detergent products. Liquid laundry detergent products are readily measurable, 
speedily dissolved in wash water, non-dusting, are capable of being easily applied in concentrated 
solutions or dispersions to soiled areas on garments to be laundered and usually occupy less 
storage space than granular products. Additionally, liquid laundry detergents may have 
incorporated mto their formulations materials- which would deteriorate in the drying operations 
enq)loyed in flie manufecture of particulate or granular laundry detergent products. Because 
liquid laundry detergents are usually considered to be more convenient to use than granular 
laundry detergents, they have foxmd substantial favor with consumers. 

Although liquid laundry detergaits have a number of advantages over granular laxmdry 
detergent products, there are also disadvantages entailed in using them. In particular, laundry 
detergent conqjosition conqjonents which may be compatible with each otiiCT in granular products 
may tend to interact or react with each other in a liquid, and especially in an aqueous liquid 
envh-onment. Components such as surfactants, perfumes, brigihteners and non-aqueous solvents 
can be especially difiBcult to incorporate into liquid laundry detergent products witii an 
acceptable degree of con^ositional stability. Poor compositional stability may cause the 
detergent composition to degenerate into an unaesthetic, ineffective, heterogeneous detergent 
composition during storage. 
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One approach for enhancing the chemical compatibility and stability of liquid laundry 
detergent products has been to formulate substantially anhydrous non-aqueous liquid laundry 
detergent compositions. Generally, the chemical stability of flie con:^)onents of a non-aqueous 
Uquid laundry detergent composition increases as flie amount of water in the laundry detergent 
composition decreases. Moreover, by minimizing the amount of water in a liquid laundry 
detergent composition, one can maximize the surfactant activity of the composition. Non- 
aqueous hquid laundry detergent compositions have been disclosed in Hepworth et al., U.S. 
Patent 4,615,820, Issued October 17, 1986; Schultz et al., U.S. Patent 4,929,380, Issued May 29, 
1990; Schultz et al, U.S. Patrat 5,008.031, Issued April 16, 1991; Elder et al., EP-A-030,096, 
PubUshed June 10, 1981; Hall et al., WO 92/09678, Published June 1 1, 1992; and Sanderson et 
al.,EP-A-565,017, Published October 13, 1993. 

But, non-aqueous liquid laundry detergents come with their own set of disadvantages and 
problems. The desurable advantage of having excellent compositional stability may also mean 
that the non-aqueous liquid laundry detergrat will have poor solubility and dispersion properties 
in the wash liquor inside an automatic clothes washer. Also non-aqueous liquids typically have 
awkward rheological properties, displaying a tendency known as "shear thickening", where the 
viscosity of the paste or liquid increases with an increasing shear rate, making the paste difficult 
to pump, store and transport. Moreover, non-aqueous liquid laundry detergent compositions are 
difficult and expensive to manufacture. A drying step requiring prolonged heating and stirring is 
necessary to eliminate the water. However it is not only difficult to consistently achieve the 
proper heating and stirring conditions in a manufacturing setting, but also such drying operations 
may have the effect of decomposing or evaporating individual components of the detergent 
composition. The resulting difficulty and expense involved with working with such fluids have 
greatly reduced their utilization as laxmdry detergent conqwsitions. 

The incorporation of surfactants into various consumer products, especially detergent 
products, such as granular detergent products and liquid detergent products, substantially 
anhydrous liquid detergent products in particular, is a common step in the manufacture of such 
products. However, the incorporation of such surfactants can present challenges to formulators, 
especially in the case of substantially anhydrous liquid products, because conventional 
surfactants, such as alkyl benzene sulfonate surfactants, are typically only available in the form of 
an aqueous paste prior to being processed into the products. 

Given the foregoing, there is clearly a continuing need to provide processes for preparing 
non-aqueous liquid laundry detergent products that have a high degree of chemical and 
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compositional stability, contain the essential con^onents of a liquid laundry detergent 
composition, have a high surfactant activity and are readily soluble in a wash liquor. In addition, 
such processes should be easily replicated at multiple production sites and should produce liquid 
laundry detergent products that can be easily pumped, stored and transported. 

The present invention fulfills tiie needs described above by providing processes for making 
soluble, preferably water-soluble, substantially anhydrous surfectant pastes and other detergent 
ingredients, products formed by such processes and compositions comprising such anhydrous 
surfactant pastes and/or other detergent ingredients. 

SUMMARY OF THE INVENTION 
The present invention encompasses a process for preparing a substantially anhydrous 
surfactant paste containing less than 5% water, comprising the steps of: 

A) forming an aqueous surfectant mixture by blending, by weight of the mixture: 

(a) from about 5% to about 85% of an anionic surfectant; 

(b) from about 15% to about 95% of a liquid nonionic surfactant 

(c) from about 1% to about 40% of a hydrotrope, said hydrotrope comprising at least 
two polar groups separated from each other by at least 5 carbon atoms; 

wherein the aqueous surfactant mixture has a water content from 5% to about 80% by weight of 
the aqueous surfactant mixture; 

B) drying the aqueous surfactant mixture under vacuum to form said substantially 
anhydrous surfectant paste having a water content of less than 5%, said paste at room 
temperature (18-30*'C) being in the form of a shear-thinning, non-Newtonian fluid, 
preferably having a yield value less than about 200 Pa, more preferably about 50 Pa- 
100Paat30*»C;and 

C) optionally, adding an anhydrous organic liquid to the surfectant paste from step B to 
facilitate handling and transportation. 

In a preferred process, the anionic surfactant is selected from the group consisting of 
alkyl benzene sulfonates, alkyl sulfates, aUcyl ethoxy sulfates, and mixtures thereof Preferably, 
the nonionic surfactant is selected from the group consisting of: alkoxylated (especially 
ethoxylated) alcohols; ethylene oxide (EO)"propylene oxide (PO) block polymers; polyhydroxy 
fatty acid amides; alkylpolysaccharides; and mixtures thereof. 
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Preferably, the weight ratio of hydrotrope: anionic surfactant is in the range of about 1 : 1 
to about 1 : 100. Preferred hydrotropes are selected from the group consisting of 1, 4 cyclohexane 
dimethanol, 1, 6 hexanediol, 1, 7 hq)tanediol, and mixtures thereof. 

In one aspect, the organic liquid of step C is selected from the group consisting of: 
alkylene glycols; diethyl- and dipropylene glycol monobutyl ethers; glycol monobutyl ether; 
monoethylethers, monomethylethers, monopropylethers and monobutylethers of propoxy 
propanol; polyethylene glycols having a molecular weight of at least about 150; methyl acetate; 
methyl propionate; methyl octanoate; methyl dodccanoate; and mixtures thereof. 

The invention also provides a non-aqueous liquid detergent composition, conqjrising a 
surfectant component which is a dried, substantially anhydrous surfactant paste prepared 
according to the foregoing manner, together with a non-aqueous solvent. Preferably, said 
surfactant paste comprises the hydrotrope, the nonionic surfactant and an anionic surfactant 
which is a member selected from the group consisting of alkyl benzene sulfonate surfectants, 
alkyl sulfate surfactants, alkyl ethoxy sulfate surfactants, and mixtures thereof. Most preferably, 
the non-aqueous solvent is butoxy propoxy propanol. 

T^TTTATT FH DV^SCRIFnON OF THE INVENTION 
The present invention provides an efficient process for preparing substantially anhydrous 
detergent pastes using commercially available feedstocks which comprise 20% to about 60% 
anionic surfactants and up to about 80%, more typically about 40%, water. The process herein 
can be conducted using otherwise conventional evaporation equipment, but preferably employs 
an agitated thin film evaporator, as disclosed more fidly, hereinafter. 

Reducing the water content of commercially available aqueous-based feedstocks 
comprising anionic surfactants is surprisingly difficult on a commercial scale. For example, 
attempting simply to evaporate the water from a conmercial feedstock comprising an aqueous 
solution of sodium Cio-C,8 alkylbenzene sulfonate (LAS) yields an intractable mass. Admixing 
tiie LAS feedstock with an organic liquid such as butoxy propoxy propanol (BPP), followed by 
evaporation, results in the formation of an azeotrope, with the attendant difficulties of breaking 
the azeotrope to recover the BPP and remove the water. Admixing the LAS feedstock with a 
liquid, non-aqueous nonionic surfactant, followed by evaporation, yields a thick mass which is 
difficult to pump and otherwise handle, and which is difficult to dry to a water content of less 
than 5%, especially less than about 1%. 

The present invention fulfills the needs identified above by providing a process for 
making a liquid laundry detergent composition, especially a non-aqueous liquid laundry detergent 
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composition and a process for drying (removing water from) the detergent ingredients used to 
make the liquid laundry detergent composition. Such processes of the present invention can be 
performed without the need for a solvent recovery system because a non-aqueous surfactant 
acting as a solvent/carrier in the presence of a hydrotrope is used instead of an organic solvent. 
However, an organic solvent can be added to the non-aqueous liquid detergent composition after 
the non-aqueous detergent composition has been processed (for example, dried, as described 
herein). 

In one aspect of the present invention, a process for making a non-aqueous liquid laundry 
detergent conqirising 1) mixing an aqueous anionic sulfated or sulfonated surfectant, a non- 
aqueous liquid surfactant acting as a solvent and/or a carrier and a hydrotrope to fonn an aqueous 
surfactant mixture; and 2) drying Ihe aqueous surfactant mixture under vacuum to form an 
anhydrous surfactant paste containing less than about 1%, by weight, of water, is provided. This 
process may be modified such that an individual ingredient can be processed, thereby producing a 
"dried" ingredient For example, an aqueous anionic sulfonated surfactant can be dried via the 
drying step such that the "dried" anionic sulfonated surfactant final product mixture contains less 
than about 1% by weight of water. Such "dried" anionic sulfonated surfectant can then be 
incorporated into a non-aqueous liquid detergent con:q)osition. This drying step preferably occurs 
within an Agitated Thin Fihn Evaporator (ATFE). 

A benefit of the present invention is that it provides a liquid laundry detergent composition 
comprising a non-aqueous liquid surfectant acting as a solvent and/or carrier, and a process for 
drying (removing water from) such aqueous liquid laundry detergent product with minimum 
volatiles in the condensed vapors. 

In addition, the processes of the present invention produce non-aqueous Uquid laundry 
detergent products that are readily soluble in a wash liquor. 

Another preferred aspect of the present invention encompasses a process for making and/or 
drying surfactants or combinations of surfactants and/or other conventional detergent ingredients 
such as chelants, builders, buffers, rheology modifiers and the like. Such process comprises 
preparing a mixture of surfactants and/or other conventional detergent ingredients in an aqueous 
medium or a combination of aqueous and solvent media. This preparation step may be achieved 
by mixing these materials in their neutralized aqueous and/or powder form or by co-neutralizing 
them in the presence or absence of a solvent batchwise or continuously in a dominant bath 
neutralization loop such as a Cheraithon, Ballestra or Manro mrit. The drying step comprises 
feeding the prepared mixture into a drying device or equipment which is a batch or continuous 
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drying equipment An example of batch drying equipment is a combination tank, preferably 
agitated, which can be heated under vacuum. The tank is operated at suitable vacuum and 
temperature such that water is stripped from tibie mixture. An exainple of a continuous drying 
equipment is an ATE^, such as is commerciaUy available &om LCI Corporation. 

Another preferred aspect of the present invention comprises, in an optional step, adding 
anhydrous organic solvent to the dried surfactant paste exiting the ATFE to manipulate its 
viscosity, hence &cilitating its handling, storage, and transportation. 

The present invention may also be practiced in a second aspect. This embodiment 
comprises a neutralization step in which a neutralized mixture is formed by a continuous 
neutralization loop. The mixture to be neutralized contains an acid form of an anionic surfactant, 
to which is added a base, a non-aqueous liquid surfactant, and a hydrotrope. The neutralized 
mixture has a water content of at least about 5% by weight of the neutralized mixture and is a 
non-Newtonian fluid. The molar ratio of the acid form of the anionic surfactant to the base is 
from about 1:1 to about 9:1. 

hi a subsequent stqp, a first portion of the neutralized mixture is removed from the 
continuous neutralization loop and dried under vacuum according to the present invention to form 
a non-aqueous surfactant paste having a water content of less than about 5%, more preferably less 
than 3% and most preferably less than 1%, while a second portion of the neutralized mixture is 
recirculated in the continuous neutralization loop. 

If so desired, other additives such as chelant, buffer, builder, and/or organic liquids may 
be added to the neutralization loop or added to the mixture after the neutralized mixture is 
removed from the neutralization loop. The neutrahuzation loop and the drying step are not 
necessarily linked together. 

The present invention offers the advantage of preparing a surfactant paste with only a 
trace amount of water and yet can incorporate many of the ingredients desirable for use in a 
laundry detergent composition such as bleach, bleach activators, builders, enzymes, whiteners 
and other additives. By minimizing the amount of water in the surfactant pastes or mixtures, one 
may maximize the activity of the surfactant paste. 

All percentages, ratios and proportions herein are by weight, unless otherwise specified. 
All docummts cited are, in relevant part, incorporated herein by referoice. The citation of any 
document is not to be constmed as an admission that the document is prior art against the present 
invention. 
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Definitions - As used herein, a ''Newtonian fluid", is a fluid or paste whose viscosity, 
within a range of specified shear rates at a specified temperature, has a substantially constant 
value. 

As used herein, a •'non-Newtonian fluid", refers to a fluid which cannot be characterized 

as a •'Newtonian fluid." 

As used herein, ''non-aqueous" or "anhydrous" are used synonymously and both describe 
a fluid in which the water content is less than 5%, especially less than about 1%, preferably 
about 0% to about 0.9%. 

As used herein, flie '^molecular weighf of various polymers means weight average 

molecular weight 
Processes 

The presrat invention describes a process for preparing non-aqueous liquid laundry 
detergents with additives by forming an aqueous surfactant mixture and flien drying the mixture 
under a vacuum to form a non-aqueous anhydrous surfactant paste. The process of preparing 
non-aqueous liquid laimdry detergent compositions with additives has many important 
parameters and incorporates many different ingredients and additives, as well as numerous other 
preferable and optional process subparts, which are described hereafter. 
Forming the Aqueous Surfactant Mixture 

hi one aspect, the process, herein can be conducted batch-wise. For example, ttie 
selected ingredients are placed in a mixer with an nnpeller stirrer to form an aqueous surfactant 
mixture. It is preferable that each of the ingredients be added in flie form of a neutralized 
aqueous solution which is comprised of about 20% water. 

The first ingredient in this step is an aqueous surfactant. The final aqueous surfactant 
mixture will include, by weight, from about 5% to about 85%, more preferably from about 25% 
to about 75%, most preferably from about 40% to about 60% of anionic sulfated or sulfonated 
surfactant. 

The second ingredient is a liquid nonionic surfactant used as a solvent and/or carrier. 
The fmal aqueous surfactant mixture will include, by weight, from about 5% to about 95%, more 
preferably from about 7% to about 85%, most preferably from about 10% to about 70% of a 
liquid nonionic surfactant. Suitable liquid surfactants are discussed in greater detail below. 

The third ingredient in the formation step is the specified hydrotrope. The final aqueous 
surfactant mixture will include, by weight, from about 2% to about 40%, more preferably from 
about 5% to 30% by weight, of hydrotrope. Hydrotropes are discussed in greats detail below. 
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If used, a fourth ingredient in the formation step is comprised of optional detergent 
additives such as chelants, buffers, builders, enzymes, wMteners, rheology modifiers, polymers 
and copolymers. These are discussed in greater detail below. 

The aqueous surfactant mixture in the first (mixing) step preferably contains, by weight, 
at least about 5%, typically about 5%-80%, more typically from about 18% to about 50%, of 
water. The aqueous surfactant mixture is formed by mixing together all of the ingredients (in any 
order) into a substantially uniform mixture, at a temperature of between about 25°C and about 
SO^'C, preferably at a temperature of between about 35T and about TO^'C and most preferably at a 
temperature of between about 45*^0 and about 60°C. Ten^)erature control is important because if 
the temperature is too low, it will be difficult to process the mixture and if the temperature is too 
high there may be degradation of components of the mixture. 

The mixing in the surfectant mixture formation step is most preferably carried out in a 
standard mixer or crutcher. The speed of the mixer and the duration of the mixing step varies 
depending on the ^e of mixer and ingredients used. Mixing should be done at a speed and for a 
time sufficient to achieve a homogenous aqueous surfactant mixture. 
Drying the Aqueous Surfactant Mixture 

The aqueous surfactant mixture prepared in the foregoing mamier is then pumped into a 
drying device where the drying step takes place. The drying step of the process is drying the 
aqueous surfactant mixture under vacuum to form a non-aqueous, substantially anhydrous 
surfactant paste, preferably containing less than about one percent, by weight, of water. This 
drying may be accomplished in any conventional evaporator, provided that the drying is 
performed under vacuum. Drying temperatures of90°C to 200**C are typical. Suitable 
evaporators are illustrated in Perry's Chemical Engineering Handbook, 7th. Ed., 1997, McGraw- 
Hill, ppg. 1 1-108 to 1 1-1 1 1, "Evaporator Types and Applications". A preferred evaporator is a 
steam jacketed agitated thin-film evaporator (ATFE). 

The ATFE is operated imder vacuum, preferably at 25-400mmHg, more preferably at 75- 
300mmHg, and most preferably at 100-200nimHg. The ATFE jacket temperature is operated 
preferably at 100-200 deg C, more preferably at 120-180 deg C, and most preferably at 130-170 
degC. 

The drying step also produces a combination of water vapor and other volatiles which are 
subsequently condensed without the need to reclaun and recycle the volatiles. Those skilled in 
the art can manipulate the operating conditions of the ATFE, i.e., temperature and pressure along 
with inlet feed rate and residence time in the ATFE, to affect the level of water in flie dried 
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material and the level of organic matter in fee condensed steam. The level of water in the exit 
dried material is preferably less than 3%, more preferably less than 2%, and most preferably less 
than 1% by weight. The level of organic matter in the condensed steam is prefCTably less than 
2%, more preferably less than 1 .2% and most preferably less than 0.6% by weight 

An optional processing step which follows drying is the addition of an anhydrous organic 
solvent to the dried surfactant paste exiting the ATFE to manipulate its viscosity, thereby 
facihtatmg its handling, storage, and transportation. 

The processes of the present invention can also be practiced in a second aspect, which is 
continuous. In this aspect, a neutralized, surfectant mixture is formed by a continuous 
neutralization loop. Four coirqwnents are continuously added to the neutralization loop: an acid 
form of an anionic sulfated or sulfonated surfactant; a neutralization base; a non-aqueous liquid 
surfactant; and the hydrotrope. A mixture of the components is formed as the conq)onents are 
circulated through a mixer, pump and heat exchanger. Neutralization takes place as the base 
reacts with the acid form of the surfactant to produce a surfactant salt The resulting neutralized 
mixture has a water content of at least about 15% by wei^t of the neutralized mixture and is a 
non-Newtonian fluid. 

Any neutralization base which adequately neutralizes the acid form of the surfactant is 
suitable. Preferred neutralization bases include the alkali metal carbonates, alkali metal 
hydroxides and alkali metal phosphates, e.g., sodium carbonate, sodium hydroxide, and sodium 
polyphosphate. 

A first portion of the neutralized mixture can be recirculated in fee continuous 
neutralization loop while a second portion is punq)ed from fee continuous neutralization loop. If 
so desired, ofeer additives such as chelant, buffer builder, and/or organic liquids may be added to 
and mixed wife fee second portion of fee neutralized mixture in a static mixer, wife fee resulting 
mixture typically having a water content of from about 5% to about 50%, by weight. The 
resulting mixture is feen furfeer mixed in a static mixer. Depending on fee needs of fee 
formulator, additional chelant or organic liquid, for example, may again be added to fee second 
portion of fee neutralized mixture and again mixed in a static mixer or a conventional mixer such 
as a crutcher. 

The molar ratio of fee acid form of fee anionic surfactant to fee base is from about 1: 1 to 
about 9: L It is preferable feat feese ingredients be added in fee form of an aqueous solution 
where appropriate. The various components which are added to fee continuous neutralization 
loop will preferably have the following amounts of water: 
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acid form of anionic sulfated or 
sulfonated surfactant 
neutralization base 
non-aqueous liqxiid surfactant 
hydrotrope 

The second portion of flie neutralized mixture is then dried under vacuum to form a 
substantially anhydrous surfectant paste having a water content of less ttian 5% most preferably 
less than 1%. The drying operation is as described above and may use the same equipment and 
process variables. 

The processes described above offer the advantage of preparing a surfactant paste witii 
only a trace amount of water yet incorporating many of the ingredients desirable for use in a 
laundry detergent composition such as builders, whiteners and other additives. By minimizing 
the amount of water in the surfectant pastes, one may maximize the activity of the surfactant 
paste. Furthermore, the present invention allows the manufacture of an anhydrous high-active 
surfactant paste which can be further mixed wifli an anhydrous organic solvent and/or carrier to 
manipulate its rheology, thus making it easier for handling, storage and transportation. 

The processes described herein may also be combined with other known detergent- 
manufacturing process steps commonly used in the detergent industry for the manufacture of 
liquid or solid detergents in any form (e.g. granular, tablet etc.). 
Non-aaaeons Liquid Detergent Products 

The anhydrous surfectant paste of the present invention may be incorporated into non- 
aqueous (anhydrous) liquid detergent products along with other detergent ingredients. Such non- 
aqueous liquid detergent products typically contain a liquid phase and a solid phase. The liquid 
phase typically comprises a nonionic surfactant and a non-aqueous, low-polarity organic solvent. 
The soUd phase typically contains one or more particulate materials, such as bleaching agents. 

The nonaqueous liquid detergent compositions herein can be prepared by combining the 
essential and optional conq)onents thereof in any convenient order and by mixing, e.g., agitating, 
the resulting component combination to form the phase stable compositions herein. In a 
preferred process for preparing such compositions, essential and certain preferred optional 
components will be combined in a particular order. Such a process is described in detail in U-S. 
Patent No. 5,872,092 to Kong-Chan et al. 



Less than 2.0% 

from about 30% to about 90% 
Lessaan2% 
Less than 1% 
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In such a preferred preparation process, a liquid matrix is formed containing at least a 
major proportion, and preferably substantially all, of the liquid components, e.g., an alcohol 
ethoxylate nonionic surfactant and the nonaqueous, low-polarity organic solvent, with the liquid 
components being thoroughly admixed by inq)artmg shear agitation to this liquid 
combmation. For example, rapid stirring with a mechanical stirrer may usefully be eiiq>loyed. 

While shear agitation is maintained, essentially all of the alkyl sulfate or alkyl benzene 
sulfonate anionic surfectant, e.g., sodium lauryl sulfetc or Ch-Cu sodium alkyl benzene 
sulfonate, can be added in the form of particles ranging in size from about 0.2 to 1,000 microns. 
Afte addition of the surfactant the substantially anhydrous paste produced herem, or as particles, 
particles of an alkalinity source, e.g., sodium carbonate, can be added while continuing to 
maintain this admixture of composition components under shear agitation. Other solid form 
optional ingredients can be added to the conqwsition at this point. Agitation of the mixture is 
continued, and if necessary, can be increased at fliis point to form a uniform dispersion of 
insoluble solid phase particulates within the liqmd phase. 

After some or all of the optional solid materials have been added to this agitated mixture, 
the particulate materials can be added to the con5)osition, again while the mixture is maintained 
under shear agitation. 

As a variation of the non-aqueous liquid conrposition preparation procedure herembefore 
described, one or more of the solid components may be added to the agitated mixture as a slurry 
of particles premixed with a minor portion of one or more of the liquid components. 

Thus, a premix of a small fraction of the nonionic surfactant and/or nonaqueous, low- 
polarity solvent with particles of the alkyl sulfate surfactant and/or the particles of the alkalinity 
source and/or particles of a bleach activator may be separately formed and added as a slurry to 
the agitated mixture of composition components. 

The processes described herein may also be combined with other known detergent- 
manufacturing process steps commonly used in the detergent industry for the manufacture of 
liquid or solid detergents in any from (e.g. granular, tablet etc.). 
Preferred Detergent Ingredients 
Anionic Surfactants 

Suitable anionic sulfated or sulfonated surfactants include the water-soluble salts, 
preferably the alkali metal, ammonium and alkylolammonium salts, of organic sulfuric reaction 
products having in their molecular structure an alkyl group containmg from about 10 to about 20 
carbon atoms and a sulfonic acid or sulfuric acid ester group. (Included in the term "alkyl" is the 
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alkyl portion of acyl groups.) Examples of this group of synthetic surfectants arc the sodium and 
potassixm alkyl benzene sulfonates in which the alkyl group contains from about 9 to about 15 
carbon atoms, in straight or branched chain configuration, e.g., those of the type described in U.S. 
Pat. Nos. 2,220,099 and 2,477,383. Especially valuable are linear straight chain alkyl benzene 
sulfonates in which the average number of carbon atoms in the alkyl ffoap is from about 1 1 to 
13, abbreviated as Cn -Cu LAS. 

Furthw anionic surfactants herem are the sodium alkyl glyceryl ether sulfonates, 
especially liiose ethers of higher alcohols derived from tallow and coconut oil; sodium coconut 
oil fatty acid monoglyceride sulfonates. 

Other useful anionic surfectants herein include the watar-soluble salts of esters of alpha- 
sulfonated fatty acids containing from about 6 to 20 carbon atoms in the fatty acid group and 
from about 1 to 10 carbon atoms in the ester group; watrar-soluble salts of 2-acyloxy-alkane-l- 
sulfonic acids containing from about 2 to 9 carbm atoms in the acyl ffoap and from about 9 to 
about 23 carbon atoms in the alkane moiety; water-soluble salts of-olefin sulfonates containing 
from about 12 to 24 carbon atoms; and bela^lkyloxy alkane sulfonates containing from about 1 
to 3 carbon atoms in the alkyl group and from about 8 to about 20 carbon atoms in the alkane 
moiety. Altiiou^ ttie acid salts are typically discussed and used, tiie add neutralizatira can be 
performed as part of the fine dispersion mixing step. 

Particularly preferred surfectants herein mchide linear alkylbenzene sulfonates 
containing from about 1 1 to 14 carbon atoms in fee alkyl group; tallow alkyl sulfates; 
coconutalkyl glyceryl efeer sulfijnates; olefin or parafBn sulfonates containing from about 14 to 
16 carbon atoms; alkyldimethylamine oxides wherein the alkyl group contains from about 1 1 to 
16 carbon atoms; alkyldimefeylammonio propane sulfonates and alkyldimethylammonio hydroxy 
propane sulfonates wherem fee alkyl group contains from about 14 to 18 carbon atoms and 
mixtures feereof. 

Specific preferred surfactants for use herein include: triethanolammonium Cn -Cu 
all^lbenzene sulfonate; sodium coconut alkyl glyceryl efeer sulfonate; sodium coconut &]kyl 
glyceryl efeer sulfonate; fee condensation product of a Cu -Cu fatty alcohol wife about 3 moles 
of efeylene oxide; 3-(N,N-dimefeyl-N-coconutalkylanimonio)-2-hydroxypropane-l-sulfonate; 3- 
(N,N-dimefeyl-N-coconutalkylammonio)-propane-l-sulfonate; and mixtures feereof. 

Non-aqueous Surfactants 

These surfactants comprise various non-ionics. Suitable types of non-aqueous surfectant 
liquids which can be used herein include, but are not limited to, alkoxylated alcohols, efltylene 
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oxide (EO)-propylene oxide (PO) block polymers, polyhydroxy fatty acid amides, 
alkylpolysaccharides, and the like. 

Alcohol alkoxylates are materials which correspond to the general fonnula: 

RkCniH2mO)nOH 

wherein r1 is a Cg - Ci6 alkyl group, m is from 2 to 4, and n ranges from about 2 to 12. 

Preferably is an alkyl group, which may be primary or secondary, that contoins from about 9 
to 15 carbon atoms, more preferably from about 10 to 14 carbon atoms. Preferably also fte 
alfcoxylated fetty alcohols wiU be ethoxylated materials lhat contain from about 2 to 12 ethylene 
oxide moieties per molecule, more preferably from about 3 to 10 ethylene oxide moieties per 
molecule. 

The alfcoxylated fetty alcohol materials useful m the liquid phase will frequently have a 
hydrophilic-lipophilic balance (EDLB) which ranges from about 3 to 17. More preferably, the 
HUB of fliis material will ran^ from about 6 to 15, most preferably from about 8 to 15. 

Examples of fatty alcohol alkoxylates useful in or as the non-aqueous liquid phase of the 
compositions herein will include those which are made from alcohols of 12 to 15 carbon atoms 
and which contain about 7 moles of ethylene oxide. Such materials have been commercially 
marketed under the trade names Neodol 25-7 and Neodol 23-6.5 by SheU Chemical Company. 
Other useful Neodols include Neodol 1-5, an ethoxylated fatty alcohol averaging 1 1 carbon atoms 
in its alkyl chain with about 5 moles of ethylene oxide; Neodol 23-9, an ethoxylated primary C12 
- Ci3 alcohol having about 9 moles of e&ylene oxide and Neodol 91-10, an ethoxylated C9-C1 1 
primary alcohol having about 10 moles of ethylene oxide. Alcohol ethoxylates of this type have 
also been marketed by Shell Chemioal Company under the Dobanol tradename. Dobanol 91-5 is 
an ethoxylated C9-C11 fetty alcohol with an average of 5 moles ethylene oxide and Dobanol 25-7 
is an ethoxylated C12-C15 fetty alcohol wifli an average of 7 moles of ethylene oxide per mole of 
fetty alcohol. 

Other exanq)les of suitable ethojqrlated alcohols include Terptol 1 5-S-7 and Tergitol 15- 
S-9 both of which are linear secondary alcohol ethoxylates that have been commercially marketed 
by Union Carbide Corporation. The former is amixed ethoxylation product of Ci 1 to C15 linear 
secondary alkanol with 7 moles of efliylaae oxide and the latter is a similar product but wifli 9 
moles of ethylene oxide being reacted. 
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Other types of alcohol ethoxylates usefiil in the present compositions are higher 
molecular weight nonionics, such as Neodol 45-1 1, which are similar ethylene oxide 
condensation products of higher fatty alcohols, with the higher fatty alcohol being of 14-15 
carbon atoms and the number of ethylene oxide groups per mole being about 1 1 . Such products 
have also been conunercially marketed by Shell Chemical Company. 

If an alcohol alkoxylate nonionic surfectant is utUized as part of the non-aqueous liquid 
phase in the compositions and processes herein, it will preferably be present to the extent of fix)m 
about 1% to 60% of Ihe liquid phase. More preferably, the alcohol alkoxylate component will 
comprise about 5% to 40% of the liquid phase. Most preferably, an alcohol alkoxylate 
component wUl comprise from about 5% to 35% of the liquid phase. Utilization of alcohol 
alkoxylate in these concenlrations in the liquid phase corresponds to an alcohol alkoxylate 
concentration in the finished composition of from about 1% to 60% by weight, more preferably 
from about 2% to 40% by weight, and most preferably from about 5% to 25% by weight, of the 
conq)Osition. (Other nonionics are used hwein at similar levels.) 

Anolher type of non-aqueous surfactant liquid which may be utilized hi this invention are 
the efliylene oxide (EO) - propylene oxide (P6) block polymers. Materials of this type are weU 
known nonionic surfectants which have been marketed under the tradename Pluronic. These 
materials are formed by adding blocks of ethylene oxide moieties to the ends of polypropylene 
glycol chains to adjust the surface active properties of the resulting block polymers. EO-PO 
blockpolymcr nonionics of this type are described in greater detail in Davidsohn and Milwidsky; 
S ynthetic Detergents. 71h Ed.: Longman Scientific and Technical (1987) at pp. 34-36 and pp. 
189-191 and in U.S. Patents 2.674,619 and 2,677,700. These Pluronic type nonionic surfactants 
are also believed to function as effective suspending agents for tiie particulate matCTial which is 
dispersed in the liquid phase of flie detergent con^ositions herein. 

Another possible type of non-aqueous surfactant liquid useful in the compositions herein 
comprises polyhydroxy fetty acid amide surfectants. Such materials include fee C12-C18 N- 
me%l ^ucamides. Exan?)les arcN-methyl N-l-deoxyglucityl cocoamide andN-methyl N-1- 
deojqrglucityl oleamide. Processes for making polyhydroxy fatty acid, amides are known and can 
be found, for example, in Wilson, U.S. Patent 2,965,576 and Schwartz, U.S. Patent 2,703,798. 
The materials themselves and their preparation are also described in greater detail in Honsa, U.S. 
Patent 5,174,937, Issued Decembo: 26, 1992. 
Hvdrotropes 
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The hydrotropes described in this section are an essential component employed in the 
present invention. It has been discovered that the addition of a hydrotrope in which two polar 
groups are separated from each other by at least 5, preferably 6, aliphatic carbon atoms to the 
aqueous surfactant prior to drying significantly improves the drying rates in the evaporator and 
significantiy reduces the amount of organic material in the condensed stream. It has also been 
discovered that the addition of the hydrotrope alters the iheology of flie dried surfactant paste by 
reducing the yield point and the viscosity. Examples of suitable polar groups for inclusion in the 
hydrotrope include are hydroxyl and carboxyl ions. Particularly preferred hydrotropes are 
selected from the group consisting of: 

1,4 CycloHexaneDi Methanol (CHDM): HOCHjCeHioCHzOH; 

1,6 Hexanediol: HOCCHOtjOH; and 1,7 Heptanediol KO{C51^H; and 

mixtures thereof. 1,4 Cyclo Hexane Di Methanol may be present in either its cis configuration, its 

trans configuration or a mixture of both configurations. 

Optional Detergent Ingredients 

Non-surfactant Non-aaueous Organic Solvents 

The liquid phase of the finished, fidly-fonnulated detergent compositions herein may also 
conqxrise one or more non-surfactant, non-aqueous organic solvents. The detergent con?)ositions 
of the present invention will contain from about 15% to about 95%, more preferably from about 
30% to about 70%, most preferably from about 40% to about 60% of an organic solvent. Such 
non-surfactant non-aqueous liquids are preferably those of low polarity. For purposes of this 
invention, "low-polarity" liquids are those which have litfle, if any, tendency to dissolve the 
preferred types of particulate material used in the compositions herein, i.e., the peroxygen 
bleaching agents, sodium perborate or sodium percarbonate. Thus, relatively polar solvents such 
as ethanol are preferably not utilized. Suitable types of low-polarity solvents useful in the non- 
aqueous liquid detergent compositions herein do include alkylene glycol mono lower alkyl ethers, 
lower molecular weight polyethylene glycols, lower molecular weight methyl esters and amides, 
and the like. 

A preferred type of non-aqueous, low-polarity solvent for use in the compositions herein 
comprises the non-vicinal C4-C8 branched or straight chain alkylene glycols. Materials of this 
type include hexylene glycol (4-methyl-2,4-pentanediol), 1,3-butylene glycol and 1,4-butylene 
glycol. Hexylene glycol is the most preferred. 

Another preferred type of non-aqueous, low-polarity solvent for use herein comprises tiie 
mono-, di-, tri-, or tetra- C2-C3 all^^lene glycol mono C2-C6 ^^^^ ethers. The specific examples 
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of such compounds include diethylene glycol monobutyl ether, tetraethylene glycol monobutyl 
ether, dipropylene glycol monoethyl ether, and dipropylene glycol monobutyl ether. Diefliylene 
glycol monobutyl ether, dipropylene glycol monobutyl ether andbutoxy-propoxy-propanol (BPP) 
are especially preferred. Compounds of this type have been commercially marketed under the 
tradenames Dowanol, Caibitol, and Cellosolve. 

Another preferred type of non-aqueous, low-polarity organic solvent use&l herein 
comprises the lower molecular weight polyethylene glycols (PEGs). Such materials are those 
having molecular weights of at least about 150. PEGs of molecular weight nmging fiom about 
200 to 600 are most preferred. 

Yet another preferred type of non-polar, non-aqueous solvent comprises lower molecular 

weight methyl esters. Such materials are those of the general formula: r1-C(0)-OCH3 wherein 
r1 ranges from 1 to about 18. Examples of suitable lower molecular weight methyl esters 
include methyl acetate, methyl propionate, methyl octanoate, and methyl dodecanoate. 

The non-aqueous, generally low-polarity, non-surfactant organic solvent(s) employed 
should, of course, be compatible and non-reactive with other composition components, e.g.. 
bleach and/or activators, used in the liquid detergent compositions herein. Such a solvent 
component is preferably utilized in an amount of from about 1% to 70% by wei^t of the Uquid 
phase. More preferably, a non-aqueous, low-polarity, non-surfactant solvent will comprise fiom 
about 10% to 60% by weight of a structured liquid phase, most preferably from about 20% to 
50% by weight, of a structured liquid phase of the con^osition. Utflization of non-surfactant 
solvent in these concentrations in flie hquid phase corresponds to a non-surfectant solvent 
concentration in the total con^wsition of from about 1% to 50% by weight, more preferably from 
about 5% to 40% by weight, and most preferably from about 10% to 30% by weight, of the 
composition. 

Other Optional Convcntioaal Det« "Y«F**^""'^^^°*^ 

Jn addition to the preferred and/or desirable detergent ingredients described above, the 
present surfectant mixture and/or pastes of fee present invention and/or detergent compositions 
formed with such surfactant pastes can, and preferably will, contain various other optional 
detergent additives. Such optional detergent additives are typically added to the surfactant 
mixture in the form of dilute aqueous solutions prior to drying. 
Chelants 
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The surfactant mixtures and/or pastes of the present invention herein may also contain a 
chelant which serves to chelate metal ions, e.g., iron and/or manganese. Preferably the detergent 
products made with the anhydrous surfactant paste of the present invention will contain from 
about 0.1% to about 10%, more preferably from about 0.5% to about 5%, most preferably from 
about 1% to about 3% of a chelant. Such chelants &us serve to form complexes with metal 
impurities in the composition which would otherwise tend to deactivate composition componrats 
such as peroxygen bleaching agents. Useful chelating agents can include amino carboxylates, 
phosphonates, amino phosphonates, polyftinctionally-substituted aromatic chelating agents and 
mixtures thereof. Other suitable chelants are disclosed in U.S. Pat. Nos. 5,712,242, issued 
January 27, 1998, to Aouad et al. 

Amino carboxylates useful as optional chelating agents include 
ethylenediaminetetraacetates, N-hydroxyethyl-ethylenediaminetriacetates, nitrilotriacetates, 
ethylene-diamine tetrapropionates, triethylenetetraaminehexacetates, 

diethylenetriaminepentaacetates, ethylenediaminedisuccinates and ethanol diglycines. The alkali 
metal salts of these materials are prefenred. 

Amino phosphonates are also suitable for use as chelating agents in the compositions of 
this invention when at least low levels of total phosphorus are permitted in detergent 
compositions, and include cthylenediaminetetrakis (methylene-phosphonates) as DEQUEST. 
Preferably, these amino phosphonates do not contain alkyl or alkenyl groups with more than 
about 6 carbon atoms. 

Preferred chelating agents include hydroxy-efliyldiphosphonic acid (HEDP), diethylene 
triamine penta acetic acid (DTPA), ethylenediamine disuccinic acid (EDDS) and dipicolinic acid 
(DPA) and salts thereof. The chelating agent may, of course, also act as a detergent builder 
during use of the con5)ositions herein for fabric laundering/bleaching. The chelating agent, if 
employed, can comprise from about 0.1% to 4% by weight of the compositions herein. More 
preferably, the chelating agent will comprise from about 0.2% to 2% by weight of the detergent 
compositions herein. 
Organic Detergent Builders 

Examples of such materials include the alkali metal, citrates, succinates, malonates, fatty 
acids, carboxymethyl succinates, carboxylates, polycarboxylates and polyacetyl carboxylates. 
Specific examples include sodium, potassium and lithium salts of oxydisuccinic acid, meUitic 
acid, benzene polycarboxylic acids and citric acid. Citrate salts are highly preferred. 



17 



wo 03/010264 



PCT/US02/23449 



Other suitable organic builders include the higher molecular weight polymers and 
copolymers known to have builder properties. For example, such materials include appropriate 
polyacrylic acid, polymaleic acid, and polyacrylic/polymaleio acid copolymers and their salts, 
such as those sold by BASF under the SOKALAN™ which have molecular weight ranging from 
about 5,000 to 100,000. (Molecular weights of polymers used herein can be measured by mass 
spectrometry.) 

Another suitable type of organic builder comprises flie water-soluble salts of highw fatty 
acids, i.e., "soaps". These include alkali metal soaps such as the sodium, potassium, ammonium, 
and alkylolammonium salts of higher fatty acids containing from about 8 to about 24 carbon 
atoms, and preferably from about 12 to about 1 8 carbon atoms. Soaps can be made by direct 
saponification of fats and oils or by ftie neutralization of free fetty acids. Particularly useful are 
fte sodhim and potassium salts of the mixtures of fatty acids derived from coconut oil and tallow, 
i.e., sodium or potassium tallow and coconut soap. 

Organic detergent builders can generally comprise from about 2% to 20% by weight of 
the compositions herein. More prefisrably, such builder material can comprise from about 4% to 
10% by weigjit of the composition. 
TmYrpnnic Detergent Builders 

Such optional inorganic builders can include, for example, aluminosilicates such as 
zeoUtes. Aluminosilicate zeoUtes, and Iheh- use as detergent builders are more fiilly discussed in 
CorkUl et al., U.S. Patent No. 4,605,509; Issued August 12, 1986. Also, crystalline layered 
sflicates, such as those discussed in this '509 U.S. patent, are also suitable for use in the detergent 
compositions herein. If utilized, optional inorganic detergent builders can comprise from about 
2% to 40% by weight of the compositions herein. 
Polymers and/or Co-polvmers 

The polymCTS and copolymers useful in flie present mvention may be chosen from a wide 
range of organic polymers, some of which also may function as builders to improve detergency. 
Included among such polymers may be mentioned sodium carboxy-lower alkyl celluloses, sodium 
lower alkyl celluloses and sodium hydroxy-lower alkyl celluloses, such as sodium carboxymethyl 
cellulose, sodium methyl cellulose and sodium hydroxypropyl cellulose, polyvinyl alcohols 
(which often also include some polyvinyl acetate), polyacrylamides, polyacrylates, 
polyaspartates, polyvinylpyrrolidones and various copolymers, such as those of maleic and 
acrylic acids. Molecular weights for such polymers vary widely, but most are wifliin the range of 
2,000 to 100,000. Usage levels are typically 0.1%-10%. 
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Polymeric polycarboxyate builders are set forth in U.S. Pat No. 3,308.067, Diehl. issued 
Mar. 7, 1967. Such materials include the water-soluble salts of homo-and copolymers of 
aliphatic carboxyUc acids such as maleic acid, itaconic acid, mcsaconic acid, fatnaric acid, 
aconitic acid, citraconic acid and methylenemalrajio acid. 

Most preferred for use in the present invention are copolymers of maleic and aciylic acid 
having a molecular weight of from 2000 to 100,000, caiboxymefliyl cellulose and mixtures 
thereof. The concentration of the aqueous solutions of fte polymer or copolymer is not critical in 
the present invention. However, it is convenient to use solutions which are readily available 
commercially. 

Another suitable class of polymers which is especially usefid in processes of the present 
invention where an anhydrous agglomerate is desired is anhydrous liquid polymers, preferably 
cationic anhydrous Uquid polymers. Solutions having a concentration of from 5% to 60% of the 
polymer or copolymer are suitable. 
Optional Bripbtfiners. Suds giTY"'«g»rs- and/or Dves 

Conventional bri^teners, suds suppressors, bleach, bleach activators, bleach catalysts, 
dyes and/or perfume materials may be incorporated into the surfactant mixtures and/or pastes 
and/or detergent products of the present invention. Such ingredients must be compatible and 
non-reactive with the otiier composition components in a non-aqueous environment. If present, 
such ingredients will typically conqjrise from about 0.0001% to 8% by weight of the 
compositions herein. Ethoxylated quat clay softeners can also be used. 

Hie following examples are illustrative of the present invention, but are not meant to 
limit or otherwise define its scope. All parts, percentages and ratios used herein are expressed as 
percent weight of the composition unless otherwise specified. In aU examples, Karl Fischer 
analysis is used to determine amount of residual water. A rotational rheometer. Cari-med, 
supplied by TA Instruments, Delaware, USA is used to measure rheology. Gas Chromatography 
is used to determine amount of organic content in condensed vapors. 

Example 1 is a comparative example which shows that the absence of the hydrotrope 
results in a difficult-to-process material with high organic content in iJie condensed stream. 
Example 2 shows that tiie addition of a hydrotrope significantly improves processing while 
reducing organic content in the condensed stream to levels where organic recovery may not be 
needed. 
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This process is comprised of two key steps. Iq the first step raw materials in the form of 
aqueous solutions are combined at a typical batch size of 1000 lb. In the second step, the water is 
removed from the aqueous feed stock. In the mixing step, at room temperature, a 37% active 
aqueous solution of the sodium salt of [S, S] - ethylenediamino - N - N* - disuccinic acid 
(NaEDDS) chelant is added to a 50% active aqueous solution of the sodium salt of linear allqrl 
benzene sulfonate (LAS). The NaEDDS chelant contains a minimum of 99% S,S isomer of the 
total NaEDDS isomers and a minimum of 95% S,S isomer of flie total amino acid species. The 
solution is mixed until it appears homogeneous. Next, an ethoxylated alcohol, Neodol 23-25 at a 
minimum purity of 99% is added to flie other components at room temperature, and all 
components are mixed xmtil the mixture appears homogeneous. The formula details for the 
resulting aqueous solution are summarized below. 



Table 1: Composition of Aqueous Solutions 



Conqranent 


LAS 
Solution 


NaEDDS 
Solution 


Neodol 23-25 


Activity of Aqueous Solution (%) 


SO 


37 


100 


Amount in Aqueous Solution Added Ob) 


681 


91.9 


227 


Amount on Dry Basis (%) 


56.6 


5.66 


37.74 



film evaporator. The aqueous mixture containing about 39% water is pumped at room 
temperature at a rate of 25 kg/hr to the evaporator, operating at a temperature of 160**C and a 
pressure of 168 mm Hg. The product exits the evaporator at a temperature of 124.5**C with a 
moisture content of 0.71%. The material is difficult to process and the product exiting the ATFE 
is difficult to handle. Its rheology is characterized as a shear thinning non-Newtonian fluid with a 
yield point of about 200Pa (Pascals). The amount of organic matter in the condensed stream is 
about 7%. 

EXAMPLE 2 

This process is comprised of two key steps. In the first (mixing) step, raw materials in 
the form of aqueous solutions are combined at a typical batch size of 1000 lb. In the second step, 
the water is removed from the aqueous feed stock. In the mixing step, at room temperature, a 
37% active aqueous solution of the sodium salt of [S, S] - ethylenediamino - N - N' - disuccinic 
acid (NaEDDS) chelant is added to a 50% active aqueous solution of the sodium salt of linear 
alkyl benzene sulfonate (LAS). The NaEDDS chelant contains a minimirai of 99% S,S isomer of 
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the total NaEDDS isomers and a mmiimim of 95% S,S isomer of the total amino acid species. 
The solution is mixed until it appears homogeneous. Next, CHDM, at a minimum purity of 99% 
is added and the resulting solution is mixed until it appears homogeneous. Next, an ethoxylatcd 
alcohol, Neodol 23-25 at a minimum purity of 99% is added to the oflier components at room 
temperature, and all coraponraits are mixed until the mixture appears homogeneous. Hie formula 
details for the resulting aqueous solution are summarized below. 

T^ ^|e 2: Compositjon of Aqueous Solutions 



Conqxment 


LAS 
Solution 


NaEDDS 
Solution 


CHDM 


Neodol 23-25 


Activity of Aqueous Solution (%) 


50 


37 


100 


100 


Amount in Aqueous Solution Added Ob) 


586.5 


67.9 


240.9 


104.7 


Annunt on Dry Basis (%) 


44.16 


3.79 


36.28 


15.77 



film evaporator. The aqueous solution containing about 32% water is pumped at room 
temperature at a rate of 100 kg/hr to the evaporator, operating at a temperature of 160**C and a 
pressure of 168 mm Hg. The product exits the evaporator at a temperature of lOO^C with a 
moisture content of 0.45%. The product is then cooled in a plate and frame heat exchanger to 
40^. The amount of organic matter in the condensed stream is less than 0.5%. The product 
exiting die ATFE is characterized as a shear thinning non-Newtonian fluid with a yield point of 
about lOPa. 



EXAMPLES 3 ■ 5 

In the following Examples 3 - 5, Cu-Cn alkylbenzene is sulfated to make linear alkyl 
benzene sulfonate, acid form ("HLAS'*) having a completeness and acid value of 97 and 172.14, 
respectively. The acid is neutralized in a continuous neutralization system such as a 
neutralization loop available from the Chemithon Coiporation, Seattle, Washington, USA in the 
presence of a chelant and an anhydrous liquid surfactant acting as a solvent/carrier. The mixture 
exiting the loop is then dried in an agitated thin film evaporator ("ATFE'O such as the one 
supplied by LCI Corporation, Charlotte, N.C., USA. 

Example 3: The HLAS is neutralized wife 50% solution of NaOH while co-adding a 37% 
solution of the sodium salt of [S,S] - efliylenediamino - N - N' - disuccinic acid CT^aEDDS"), 
CHDM, and Neodol 23-25, The combined flow rate of all components into the neutralization 
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loop 8t room temperature is U38kg/mm. Tlie temperature of tieutoilization is about jyC while 
thBtan)erature of flie imxture etiting the loop is about 7rc. 

• Table 3: ComrKtsition of Aqueous Solutions 



Coiiq)oneiit 


LAS 
Solution 


NaEDDS 
Solution 


CHDM 


Neodol 23-25 


Activity of AqueouB Solution (%) 


50 


37 


100 


100 


Amount in Aqueous Solution Added Ob) 


678.9 


78.6 


121.2 


121.2 


Amount on Dry Basis (%) 


44.16 


3.79 


3628 


15.77 



The mixture containing about 15% water is then fed at room temperature continuously at 
arate of 107kg/hr into a 5.4fl? steam jaclcBted ATFE operating at 160"C and 105mmHg. The 
resulting dry material contains 0.41% water. The amount of organic matter in the evaporated 
water is less than 2%. The yield point is less than 200 Pa. 

Example 4: The HLAS is neutralized with 50% solution of NaOH while co-adding a 37% 
solution of the sodium salt of [S,S] - cthylenediamino -N -N' - disucoinic acid ("NaEDDS'*), 
CBDDM, and Neodol 23-25. The combined flow rate of aU con^oDents into Ae neutralization 
loop at room temperature is 1.504kg/mm. The temperature of neutralization is 53.3'C while the 
temperature of the mixture exiting the loop is 50.5'C. 

Table 4: Compositinn of Acue ous Solutions 



Component 


LAS 
Solution 


NaEDDS 
Solution 


Neodol 23-25 


CHDM 


Activity of Aqueous Solution (%) 


50 


37 


100 


100 


Amount in Aqueous Solution Added (lb) 


586.5 


67.9 


240.9 


104.7 


Amount on Dry Basis (%) 


44.16 


3.79 


3628 


15.77 



The mixture containing about 14% water is then fed at room temperature continuously at 
a rate of 212kg/hr into a 5.4fl^ steam jacketed ATTE operating at 160*C and lOOramHg. The 
resulting dry material contains 0.37% water. The amount of organic matter in the evaporated 
water is less tiian 1 .5%. The yield point is less than 200 Pa. 

EXAMPLES 
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Cooled dried material from any of Examples 2,3, or 4 is furlher mixed batchwise or 
continuously inline via a static mixer with an organic solvent n-butoxy propoxy propanol C*n- 
BPP") produced by the Dow Chemical of Midland, Michigan. BPP is used as a co-solvent and/or 
co-carrier to eliminate the yield point and lower the viscosity. This improves the handling and 
transportation of the dried material. 

EXAMPLE6 

Paste made in Example 2 can be added as a component so as to achieve the following 
ovCTall composition of a non-aqueous liquid detergent prepared in accordance with the invention, 
which uses BPP as a carrier liquid. 



Comoonent 


Wt% 


NaLAS 


15.33 


Nonionic Sur&ctant' 


20.4 


n-BPP 


17.55 


Hydrotrope* 


4.74 


NaCitrate dihydrate 


3.66 


Phosphonate' 


2.85 


NajEDDS 


1.15 


Ethoxylated Qualmiized 
amine clay material 


1.23 


Na Peiborate 


11.38 


Bleach Activator 


5.69 


NaCaibonate 


9.49 


Protease 


0.81 


An^lase 


0.76 


Carezyme 


0.03 


Q-Cell300 
microspheres 


0.95 


Silicone antifoam 


1.02 


fatty acid* 


0.47 


TiOa 


0.47 


Brightener 


0.19 
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PEG 8000 


0.38 


Sodium Sul&te 


0.43 


H2O 


0.20 


Miscellaneous up to 
100% 


0.82 


TOTAL 


100% 



1: Neodol'^ 23-5. 

2: 1,4 Oyclo Hexane Di Methanol. 

3 : dielhylenelriammepeiita (melhylenephosphonic acid). 

4: sodium salt of hydrogenated C14-C1 8 fatty acid. 

As can be seen from the foregoing, the present invention provides several advantages 
3ver previous processes for producing substantially anhydrous surfactant mixtures: 

1 . ) The organic material in the condensed phase due to drying is 

substantially reduced; 

2. ) An organic solvent recovery step is substantially reduced or eliminated 

due to elimination of the aseotrope; 

3. ) The process allows combmations of anionic/nonionic sulfactants to be 

prepared without need for additional organic solvents; 

4. ) The materials used in the process may be part of the finished, non- 

aqueous liquid detergent product. 
Having described the present invention in detail with reference to preferred embodiments 
and Examples, it will be clear to those skilled in the art that various changes and modifications 
may be made without departing from the scope of the invention, and the invention is not to be 
considered limited to what is described in the specification. 
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What is cla imed is: 

1. A process for preparing a substantiaUy anhydrous surfactant paste containing less than 
5%, by weight, of water by removing water from an aqueous surfectant mixture under 
vacuum, said aqueous surfactant mixture comprising: 

a) from 5% to 85%, by weight, of an anionic surfactant; 

b) from 15% to 85%, by weight, of a liquid nonionic surfactant; and 

c) from 5% to 80%, by weight, of water, 

said process being characterized by Ihe step of adding from 1% to 40%, by weight of 
said surfactant mixture, of a hydrotrope to said aqueous surfectant mixture. 

2. The process of Claim 1, wherein the anionic surfactant is selected from the group 
consisting of alkyl benzene sulfonates, alkyl sulfetes, alkyl ethoxy sulfates, and 
mixtures thereof 

3. The process of Claim 1, wherein the nonionic surfectant is selected from the group 
consisting of: alkoxylated alcohols; ethylene oxide (EO)-propylene oxide (PO) block 
polymers; poljdiydroxy fetty acid amides; alkylpolysaccharides; and mixtures thereof. 

4. A process according to Claiml, wherein the hydrotrope comprises at least two polar 
groups separated from each other by at least 5 carbon atoms. 

5. The process of Claim 1, wherein the hydrotrope is selected from the group consisting 
of 1, 4 cyclohexane dimethanol, 1, 6 hexane diol, 1, 7 heptane diol, and mixtures 
thereof 

6. A process according to Claim 1, wherein Ihe weight ratio of hydrotrope: anionic 
surfactant is in the range of 1:1 to 1:100. 

7. A non-aqueous Uquid detergent composition, characterized by a surfactant component 
which is a dried surfactant paste which comprises a mixture of anionic surfactant, 
nonionic surfactant and hydrotrope, said mixture comprising less than 5%, by weight, 
of water. 

8. A composition according to Claim 7, wherein the anionic surfactant is selected from 
the group consisting of alkyl benzene sulfonates; alkylsulfates, alkyl ethoxy sulfates, 
and mixtures thereof. 

9. A composition according to Claim 8, wherein the hydrotrope is selected from the 
groiq) consisting of 1, 4 cyclohexane dimethanol, 1, 6 hexane diol, 1, 7 heptane diol, 
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and mixtures thereof at a weight ratio of hydrotrope: surfactant in the range of 1:1 to 
1:100. 

10. A composition according to Claim 9, further characterized by butoxy propoxy 
propanol as a carrier liquid. 
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